Introduction
Rumex vesicarius L. is a wild edible plant belonging to the family Polygonaceae. It has many important medicinal uses such as treatment of tumours, hepatic diseases, constipation, calcules, heart troubles, diseases of the spleen, hiccough, flatulence, asthma, bronchitis, dyspepsia, piles, scabies, leucoderma, toothache and nausea. The plant is also used as cooling, laxative, stomachic, analgesic, appetizer, diuretic, astringent, purgative, antispasmodic and antibacterial agents, to reduce biliary disorders and to control cholesterol levels. Seeds as antidote for scorpion venom and many other ailments. Dark green to brown and dark grey mordant free dyes can be obtained from the roots of R.vesicarius.
[1, 2, 3] R. vesicarius is propagated through seeds and the seeds are regarded as dormant. Low seed germination percentage (20%) lessens its survivability. [4] Continuous exploitation of this plant for various medicine preparations resulted in depletion of plant resources. Hence, the conservation of this valuable genotype is imperative. In vitro propagation is an important tool for conservation as it may provide complimentary conservation options for plant species with limited reproductive capacity [5] Somatic embryogenesis provides an ideal experimental tool for investigation of plant differentiation as well as the large-scale production of plants. Somatic embryogenesis, has been reported in many medicinal plants such as Psoralea corylifolia [6] , cumin [7] , rice [8] etc. Encapsulation of somatic embryo or synthetic seed technology has been widely studied and is found to be applicable to several plant species including Allium sativa [9] , Daucus carota [10] , Adhatoda vesica [ 1 1 ] etc. Since scanty reports are available on in vitro propagation of Rumex vesicarius, the present investigation was undertaken to develop an efficient plant regeneration system via somatic embryogenesis and to explore synthetic seed production in R. vesicarius.
II.
Materials and methods 2.1 Plant material and culture conditions : Different explants were excised from stock plants of Rumex vesicarius L. cultivated in the Botanical Garden, Department of studies in Botany, University of Mysore. Explants were washed thoroughly in running tap water and washed with detergent teepol for 5 min and surface sterilised with 0.1% mercuric chloride for 2 min. The disinfected explants are washed with sterile distilled water to remove traces of sterilant after each treatment. The Murashige and Skoog medium [12] was fortified with 30 g/l sucrose and gelled with 0.8% (w/v) agar and the pH was adjusted to 5.8. The media was steam sterilized in an autoclave under 15 psi and 121̊ C. All the cultures were incubated at 25±2̊ c with 16/8 photoperoiod under white fluorescent tubes (25 µmol m -2 s -1 ). [13] . Serial sections (11µm thick) were taken and stained with haematoxylin and mounted in DPX. Sections were observed and micrographed using a compound microscope 2.4 Synthetic seed production and germination: Somatic embryos at the torpedo stage were collected and suspended in a matrix of MS medium containing sodium alginate (2-4%), dropped into 100 mM CaCl 2 solution so as to encapsulate the whole embryo. The system is kept undisturbed for 30-40 minutes for proper bead formation. The beads were washed in sterile distilled water to remove traces of CaCl 2 and placed on sterile filter paper to remove excess water. All these process were done aseptically. For study of temperature effects, regeneration potentiality of synthetic seed was evaluated after storage of cold and room temperature at various intervals of 0, 15, 30.........60 days. After defined period of storage the synthetic seeds were cultured on MS medium supplemented with different concentrations of BAP and NAA for germination. Data were recorded on germination percentage.
Callus induction:

Hardening :
Well rooted plants derived from somatic embryos as well as synthetic seeds were taken out from the test tube, washed with water to remove the traces of agar and then transferred to small plastic pots containing garden soil and sand in the ratio 1:1. The cups were covered with transparent polythene bags (with 3-4 small holes) to retain humidity and maintained at 22±2°C with 16 h photo period for two weeks in the culture room. The plantlets were nourished using quarter strength MS nutrient solution on alternate days for two week. The cups were transferred to green house for next two weeks and then transferred to field conditions 2.6 Statistical analysis: The experimental design were repeated four times at three time intervals. The obtained data were subjected to analysis of variance and the means were compared with Tukey's studentized range tests using SPSS 10.1 ver package 14.
III. Results
Callus induction, somatic embryogenesis and regeneration of plantlets
In the present investigation, explants like node (Fig 1 a) , leaf (Fig 1 b) , internode (Fig 1 c) , peduncle (Fig 1d) etc., were tested for callus induction on different types of media like Murashige and Skoog medium, Gamborgs medium, Whites medium etc supplemented with different concentration and combinations of plant growth regulators (PGRs). The role of PGRs-NAA, 2,4-D (individual), BAP+NAA and 2,4-D+Kn (combination), on callusing for the explants used is tabulated (Table 1) . Among the tested explants, profuse callusing was achieved from leaf explants on MS medium supplemented with 2,4-D (individual) and BAP+NAA (combination). However the morphogenic response of the callus varied, type I soft and creamish and type II embryogenic with greenish yellow nodule.
Type II embryogenic calli were subcultured on MS basal (hormone free media) and MS medium supplemented with 2,4-D (2 mg/l) along with five concentrations (10, 20, 30, 40 and 50%) of coconut milk. Embryogenic calli failed to transform into somatic embryo on basal media, whereas on MS medium with 2,4-D and coconut milk showed maximum conversion frequency (Fig e,f) . Somatic embryo formation increased with increase in concentration of coconut milk up to 40% with 2,4-D (2 mg/l) (Graph 1). Various developmental stage of somatic embryo viz., globular (Fig 1g) , heart shaped (Fig 1h), torpedo (Fig 1i) and cotyledonary stage (Fig 1j) were observed within three weeks. These somatic embryos were subcultured on half strength MS basal medium and MS supplemented with BAP (3 mg/l) and NAA (0.5 mg/l) showed rhizogenesis (Fig 1k) and complete regeneration of plantlets respectively (Fig 1l) .
Multiple shoots were formed from embryogenic calli, when subcultured on MS medium supplemented with BAP 4 mg/l and NAA 1 mg/l (Fig 2e) and elongated on the same medium (Fig 2f) . Further the multiple shoots were excised and subcultured for rooting on MS medium supplemented with NAA(1 mg/l), IBA (0.5 mg/l), IAA (0.5mg/l). Profuse rooting was observed on MS with auxin NAA (Fig 2g) . Rooted plants are transferred to small plastic pots (Fig 2h) and acclimatized (Fig 2k) .
Histology of embryogenic calli and synthetic seed production
Cross section of type I callus ( 15 days old) showed irregular shaped cells, which were highly vacuolated without nuclei (Fig 2a) and type II callus are characterized by small aggregates of cell with prominent nucleus (Fig 2b) . The histological section of type II callus showed developmental stages such as globular (Fig 2  c) , shoot differentiated primordial leaf stage (Fig 2 d) etc.
The torpedo shaped somatic embryo were chosen for encapsulation. The matrix of encapsulate -alginate (2,3 and 4% concentration) in CaCl 2 ( 100 and 125 mM concentration) were left for 45 minutes for complexation (Fig 1i) . After complexation, the synthetic seeds were germinated on MS medium supplemented with BAP (2 mg/l) and NAA (0.5 mg/l) (Fig 1 j) . The data of germinability of stored synthetic seed were recorded and presented in the Table- 2. The germinability of stored synthetic seed increased up to 45 days and declined in cold storage whereas there was no much difference in room storage. Further synthetic seeds were tested for time taken to protrude out and percent germination was recorded and tabulated (Table 3) . From the table-2, it is evident that lower the concentration of alginate shows higher rate of germination recorded on MS medium supplemented with BAP(2 Mg/l) and NAA(0.5 Mg/l). On the other hand, two sets of synthetic seeds were stored at cold storage (4°C) and room temperature (21±2°C) with five storage time interval i.e 0,15,30,45 and 60 days. The ex-agar plantlets derived from somatic embryos as well as synthetic seeds were taken out from the test tube, transferred to small plastic pots for hardening and then to green house conditions and finally to field conditions. Hardened and acclimatized plants were true to type in nature.
IV. Discussion
In vitro studies provide a platform to multiply, conserve and make the plant material to be available throughout the year for further usage and research studies. In the previous studies, the use of 2,4-D either alone or in combination with other plant growth regulators induced profuse callusing as reported in Tylophora indica [14] , Withania somnifera [15] etc. Further there are reports supporting the embryogenic potential of leaf explants in Prunus mume [16] and Solanum lycopersicum [17] . Proper explants selection is critical to achieve successful induction of somatic embryogenesis. There are several reports supporting the role of 2,4-D for somatic embryo initiation in Acacia catechu [18] (Rout et al.,1993), Abelmoschus esculentus [19] etc. Highest number of somatic embryos was induced from embryogenic calli in Holostemma adakodein on MS medium with lower concentration of 2,4-D. [ 20] Similarly in our study lower concentration of 2,4-D along with coconut milk (40%) produced maximum somatic embryo. Further the influence of cytokinin and auxin on embryo development and maturation have been reported in Carthamus tinctorius [21] .
However other workers reported multiple shoot regeneration from embryogenic calli in Eclipta alba. [22] Our findings were also in the same line supporting the fact that auxin like NAA and cytokinin like BAP stimulates the embryogenic calli to develop multiple shoots. In our present investigation type II callus showed greenish yellow nodular structure as in case of Curculigo orchioides [23] . Different developmental stages of somatic embryo like globular, leaf primordials were evident from histological studies of leaf derived calli as in case of Phellodendron amurense [24] Alginate is one of the common polymer used for production of synthetic seeds. It exhibits greater variation in viscosity, resulting in difficulty for decanting and encapsulation. In this view, several reports are published on enhanced germinability with lower alginate concentration (2-3%) as in Centaurium rigualii [25] , Eleusine coracana [26] etc. Similar observations has been made in our study, lower concentration of alginate showed high rate of germination.
Storage of synthetic seed is a critical factor for exchange and preservation of germ plasm which determines the success of synthetic seed protocol. There are reports supporting higher conversion efficiency of synthetic seeds at cold (4°c ) storage as in Cleopatra tangerine [27] applestock [28] etc. A promising degree of interaction was observed between cold storage (4°) and storage interval up to 45 days for regrowth percentage as well as root and shoot development as reported in olive [29] . Contrarily the plantlets regenerated from room stored synthetic seeds, showed no much difference interaction between room temperature and storage interval. Contrarily non significant interaction between storage condition and storage interval was observed in room stored synthetic seed, exhibiting necrosis due to lack of quiescence and depletion of nutrition [30] . Further decline in germination percentage may be attributed due to inhibited respiration of somatic embryo by alginate bead Note: Mean ± Standard deviation followed by same superscript within a column are not significant when subjected to Tukey's mean range test at 0.05 level (CD-Critical Deviation) Note: Mean ± Standard deviation followed by same superscript within a column are not significant when subjected to Tukey's mean range test at 0.05 level (CD-Critical Deviation)
V. Conclusion
Indiscriminate usage of Rumex vesicarius for various medicinal preparations might lead to threaten or endangered state. Hence, the established protocol of high frequency of embryogenic calli for regeneration of plants, multiple shoot and synthetic seed production provides a platform for mass multiplication of plants and to conserve the germ plasm from the natural habitat. It also provides plant material for further usage and research studies.
